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Binocular rivalry occurs when two distinct visual stimuli are presented separately to each eye, causing perceptual ambiguity. The conscious state of the observer then alternates between the perceptual dominance of one of the stimuli while the other is suppressed, and vice versa. These vivid changes in perception during constant visual stimulation allow the study of brain processes involved in conscious visual experience. There is abundant electrophysiological as well as fMRI evidence that neural activity in stimulus-selective areas of the temporal lobe correlates with perceptual changes during rivalry [1] [2] [3] . Yet, almost nothing is known about the causal contribution of these areas to dominance and suppression of their preferred stimulus. We induced binocular rivalry in human observers using moving dots presented to one eye and a static face to the other eye, and applied transcranial magnetic stimulation (TMS) over the motion area V5/hMT+. We show that disrupting activity in V5/hMT+ during rivalry extends periods of motion suppression, with no effect on periods of motion dominance, revealing a state-specific contribution of V5/hMT+ to the competition for awareness in rivalry.
Eleven human subjects reported perceptual alternations between the visual motion of optic flow and a static face stimulus ( Figure 1A ). During each three-minute trial, we interfered with ongoing neural activity in V5/hMT+ by applying TMS pulses at a frequency of 2 Hz either to individually localized V5/hMT+ or a control location ( Figure 1B ). To examine whether any effects were related to eye movements or blinks, we monitored eye movements throughout the whole experiment with an infrared eye tracker (see Supplemental Experimental
Procedures for details on individual functional V5/hMT+ localization, TMS, and eye tracking).
Across the group of subjects, stimulation of V5/hMT+ differentially affected the median duration of motion and face percepts (two-way ANOVA F interaction (1,10) = 9.3, p = 0.012; Figure 1C and Table S1 in the Supplemental Information). Notably, TMS did not affect periods of motion perception (t motion (10) = 0.79, p = 0.446), but instead lengthened the periods of face perception (t face (10) = -2.71, p = 0.022,). Thus, our stimulation had lengthened the suppression phases of the motion stimulus, as, in rivalry, whenever one stimulus is dominant, the other is suppressed.
This result seems counterintuitive at first sight: prior studies have shown that awareness of a stimulus in rivalry correlates with activity in regions specialized for processing of that stimulus [1, 3] . Therefore, if this activity is necessary for awareness, one could expect that its disruption would affect the dominance of motion, which we did not observe.
However, the effects of TMS on motion suppression are reminiscent of a well-known rivalry phenomenon called 'Levelt's second proposition' [4] [5] [6] . The proposition states that when stimuli are balanced in dominance -that is, are perceived for an equal amount of timedecreasing luminance or contrast (referred to as 'stimulus strength') of one of the stimuli will not affect the manipulated stimulus. Instead, it will lengthen the duration of its rival counterpart (see Supplemental Experimental Procedures on stimulus equidominance in our experiment). Levelt's second proposition is considered one of the major principles of binocular rivalry and has been incorporated into most rivalry models. However, since this rule was demonstrated for rivalry between two almost identical stimuli, for example, two gratings with different orientations, or two motion directions, we wanted to test whether our complex and dissimilar stimuli also followed Levelt's law. In fact, previous studies suggested that dissimilar stimuli may rival differently [7] .
We also wanted to know what stimulus characteristics contribute to 'stimulus strength' for the moving dots. To answer these questions we conducted four behavioral experiments. In each experiment we degraded one of the four different properties of the motion stimulus -contrast, luminance, coherence and speed -in five equal steps and measured how it affects the dominance duration of face and motion percepts (see Supplemental Experimental Procedures for details). These experiments revealed that contrast and luminance manipulation followed Levelt's law (contrast F interaction (4, 40) = 19.33, p < 0.0001; luminance F interaction (4, 40) = 16.99, p < 0.0001) whereas motion coherence and speed had no effects (coherence F interaction (4, 40) = 0.53, p < 0.71; speed F interaction (4, 40) = 1.79, p < 0.15; Figure  S1 and Table S1 ).
These findings thus confirm that Levelt's second proposition applies to our stimuli and that TMS effects were similar to reducing the 'stimulus strength'. To further strengthen our results, we ruled out several alternative explanations. Analysis of the eye tracker data confirmed that the result could not be explained by differences in eye movements or eye blinks, as there was no significant interaction for either measure between stimulation site and percept type (only a marginally significant difference in blink rate between percept types: F percept (1,10) = 4.98, p = 0.05). The results were also unlikely to be due to changes in subject's criteria for reporting perceptual alternations. These criteria could have changed such that face dominance periods would be lengthened at the cost of shortening the periods of mixed perception. This would result in shortening of mixed percept durations, and in a negative correlation between changes in face and mixed percept durations. Additional analysis of the data revealed neither a significant difference in mixed percept durations between conditions (t(10) = 1.13, p = 0.287), nor a significant correlation between the effect on the face dominance phases and mixed percept phases (r = -0.05, p = 0.889), thus speaking against this possibility.
Previous studies have shown that disrupting activity of the parietal cortex affects the duration of both stimuli equally, suggesting its causal contribution to transition initiation or perceptual stabilization [8, 9] . This study is the first to causally demonstrate the role of a stimulusspecific neural representation in the visual competition during binocular rivalry. Disrupting this representation did not affect the dominance of the represented percept, but instead lengthened its suppression periods, thus making it less likely to be selected for access to perceptual awareness.
This result suggests a substantial qualitative difference between the conscious and unconscious representation of motion: TMS can easily weaken a suppressed representation and thus delay the time when it becomes dominant again; however, once motion becomes conscious, it is harder to disrupt. Potential reasons or mechanisms for this resistance-todisruption of neural representations with conscious access need to be examined in future studies. They may range from changes in neural noise, adaptation, or synchronization to stabilization through enhanced communication with up-or downstream regions.
Our findings also shed light on the neural basis of one of the central laws governing perceptual competition in rivalry, Levelt's second proposition, and can be used to further inform and constrain existing computational rivalry models. Importantly, our results show that this major property governing perceptual competition can be generated far beyond the monocular processing stage, at a higher-level binocular stimulus-specific representation. Therefore, our results emphasize the contribution of higher-level mechanisms in generating conscious visual experience.
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